Pectus excavatum: Increase of right ventricular systolic, diastolic, and stroke volumes after surgical repair  by Kowalewski, Janusz et al.
Patients and methods
Study group. Between November 1987 and January 1996,
60 patients were operated on for funnel chest. There were 43
male and 17 female patients, and their ages ranged from 4 to
35 years. Before and 6 months after the operation, the patients
underwent a complete physical examination, a chest radi-
ograph in 2 views, an electrocardiogram, and a 2-dimension-
al echocardiogram.
Chest radiography. To determine the severity of the defor-
mity in all the patients, we obtained the following measure-
ments from the chest radiographs: (1) the minimal sternover-
tebral distance (the distance from the posterior border of the
sternum to the anterior surface of the vertebral body on the
lateral radiograph) and (2) the transverse diameter of the tho-
rax, measured at the same level on the posteroanterior radi-
ograph.12 The severity of pectus excavatum deformity, as well
as the degree of sternocostal elevation resulting from the oper-
ation, were assessed in terms of a transverse thoracic dimen-
sion to sternovertebral distance.11 The larger the pectus index,
the more severe the pectus deformity. The deformity was con-
sidered mild if the pectus index was less than 3.5; moderate,
3.5 to 4.5; and severe, more than 4.5. Patients with a pectus
index less than 3.25 do not require surgical correction.11
The indications for operation were based on 2 principles:
First, we operated any time we recognized significant defor-
mity13; second, we were very reluctant to operate on a patient
who did not ask for the operation.6
Surgical technique. The operation was performed with the
patient under general anesthesia. During the operation, abnor-
mal costal cartilages in the parasternal region were excised
P atients with funnel chest have many anatomic, phys-iologic, genetic, biomechanical, and psychologic
characteristics.1 Surgical correction of this deformity
may be done for psychosocial reasons alone.2 Mal-
function of the cardiovascular system in these patients
is often called into question.3-7 It is difficult to prove,
especially if the deformity is not severe.5,8-10
Although pectus excavatum is thought to impair
mostly right ventricular performance,9 the degree of
right ventricular dysfunction, if any, produced by this
chest wall deformity remains controversial.5,11 The sub-
jective physical improvement after the operation usual-
ly is not explained by changes in cardiorespiratory
function.5 The purpose of this study was to determine
how a sternocostal elevation in patients with funnel
chest modifies right ventricular structure and function.
Objective: The study was undertaken to assess how a surgical correction
of funnel chest modifies right ventricular structure and function.
Methods: Before and 6 months after surgery in 42 patients (27 male and
15 female patients, aged 5-31 years), a pectus index was calculated and
echocardiographic examinations of the right ventricle were performed,
with calculation of systolic, diastolic, and stroke volume indices. Right
ventricular volume was estimated by subtracting the left ventricular
volume from that of the entire heart. The values of the right ventricular
volumes and the pectus index before and after the operation, as well as
the changes in the indices, were compared. Results: Statistically signifi-
cant changes in the pectus index and the right ventricular volume
indices after surgery were noted. No correlation was observed between
the changes in the pectus index and the changes in any right ventricular
volume indices. Conclusion: Surgical treatment of funnel chest causes an
increase in right ventricular systolic, diastolic, and stroke volumes,
although there is no correlation between these changes and the degree of
sternocostal elevation. (J Thorac Cardiovasc Surg 1999;118:87-93)
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PECTUS EXCAVATUM: INCREASE OF RIGHT VENTRICULAR SYSTOLIC, DIASTOLIC, AND STROKE
VOLUMES AFTER SURGICAL REPAIR
subperichondrially and bilaterally, and the sternum was cut
transversely above the deformity and longitudinally across it.
After that, the anterior thoracic wall was stabilized in the
proper position with Kirschner wires.
Echocardiography. Before and 6 months after the opera-
tion, in 42 patients (27 male and 15 female patients, aged 5-
31 years), echocardiographic examinations of the right ven-
tricle were performed with calculation of systolic (RVESVI),
diastolic (RVEDVI), and stroke (SVI) volume indices. The
examinations were performed with the patient in the supine
position. Right ventricular volume was calculated by sub-
tracting the entire left ventricular volume (including the left
ventricular myocardium) from the entire heart (including the
right ventricle and the entire left ventricle). Both volumes
(those of the entire heart and the entire left ventricle) were
calculated as hemi-ellipsoid by the area-length method with
the use of apical 4- and 2-chamber views. These examinations
were standardized. In all cases, 5 cardiac cycles were esti-
mated by 2 cardiologists.
Data analysis. All results of the indices were expressed as
geometric means. The paired Wilcoxon test was used to com-
pare the values of the indices before and after the operation in
each individual patient. 
The regression and correlation analysis was used to com-
pare the values of pectus index and measured variables:
RVEDVI, RVESVI, and SVI before and after the operation in
each individual. In particular, we wanted to know the follow-
ing: (1) the results of the correlation analysis between the rel-
ative changes (D%) of RVEDVI, RVESVI, and SVI after the
operation and the relative changes of pectus index (the degree
of the sternocostal elevation) and (2) the results of the regres-
sion analysis of the absolute preoperative RVEDVI and SVI
against the absolute preoperative pectus index alone.
Results
Of the 42 patients, 14 (33.3%) were free of symp-
toms, and 27 (64.3%) were psychologically disturbed
by the abnormal shape of the chest. Twenty-four
patients (57.1%) had exercise limitations and 16
(38.1%) had electrocardiographic changes (incomplete
right bundle block and right axis deviation).
Six months after the operation, 2 patients (4.7%)
were still psychologically disturbed and 3 patients
(7.1%) reported exercise limitation. The electrocardio-
graphic abnormalities did not change after repair.
All the obtained results of the geometric means, the
first and the third quartile (P25 and P75), and the range
of pectus index, RVEDVI, RVESVI, and SVI before
and after the operation are presented in Fig 1.
Pectus index. The geometric mean of pectus index in
our patients before the operation was 4.19 (P25 = 3.57;
P75 = 4.88). In 8 patients (19.0%) the deformity was
mild, in 16 (38.1%) moderate, and in 18 (42.9%) severe.
After the operation the geometric mean decreased to
2.47 (P25 = 2.33; P75 = 2.65). The index was signifi-
cantly smaller after the operation (P < .0001).
RVEDVI. The geometric mean of RVEDVI in our
88 Kowalewski et al The Journal of Thoracic and
Cardiovascular Surgery
July 1999
Fig 1. The “box and whiskers” presentation of pectus index (PI), right ventricular end-diastolic (RVEDVI), end-sys-
tolic (RVESVI), and stroke (SVI) volume indices before (B) and after (A) surgery. The points indicate the geometric
means, the boxes encompass the first and the third quartiles, and the whiskers encompass the range of the values.
patients before the operation was 20.15 (P25 = 15.12;
P75 = 27.06) and after the operation, 31.56 (P25 =
26.12; P75 = 40.42). The index increased significantly
after the operation (P < .0001). 
RVESVI. The geometric mean of RVESVI before
the operation was 7.86 (P25 = 5.21; P75 = 10.72) and
after surgical correction, 11.40 (P25 = 9.03; P75 =
14.91). Despite the fact that the index decreased after
the operation in 6 patients, generally it was significantly
higher (P < .0001). 
SVI. The geometric mean of right ventricular SVI in
our patients before the operation was 11.82 (P25 =
8.93; P75 = 16.48) and after sternocostal elevation,
19.94 (P25 = 15.68; P75 = 25.17). SVI increased sig-
nificantly after the operation (P < .0001).
The results of regression and correlation analysis
between pectus index and the measured variables,
RVEDVI, RVESVI, and SVI, before and after the oper-
ation are presented in Table I.
A significant inverse correlation was observed
between the relative change in pectus index after repair
and the preoperative right ventricular volumes: RVED-
VI B (before the operation) (r = –0.39; P = .011),
RVESVI B (r = –0.41; P = .007), and SVI B (r = –0.39;
P = .012) (Figs 2, 3, and 4).
No correlation was observed between the relative
changes after the operation in the pectus index used and
the changes in RVEDVI, RVESVI, or right ventricular
SVI in particular individuals.
The results of the regression analysis of the absolute
preoperative RVEDVI and SVI against the absolute
pectus index (PI) are reported in the form of 2 regres-
sion equations:
RVEDVI = –0.222 PI + 41.664 
F (1.40) = 2.075; P < .157; standard error of the esti-
mate: 8.238; R2 = 0.049.
SVI = –0.154 PI + 22.352 
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Table I. Correlation coefficients between pectus index (PI) and measured variables—RVEDVI, RVESVI, and SVI—
before (B) and after (A) surgery
RVEDVI B RVEDVI A RVEDVI D RVESVI B RVESVI A RVESVI D SVI B SVI A SVI D
PI –0.222 –0.112 0.123 –0.200 –0.172 0.056 –0.154 –0.060 0.138
B P = .158 P = .479 P = .439 P = .204 P = .275 P = .723 P = .331 P = .706 P =.384
PI –0.040 0.141 0.234 –0.066 0.019 0.113 0.023 0.252 0.295
A P = .800 P = .373 P = .135 P = .676 P = .907 P = .476 P = .884 P = .108 P = .058
PI –0.391 –0.186 0.255 –0.411 –0.037 0.357 –0.386 –0.365 0.048
D P = .011 P = .238 P = .103 P = .007 P = .815 P = .070 P = .012 P = .068 P = .762
D, Change in measured parameters.
Fig 2. Linear regression analysis of the preoperative absolute RVEDVI against the relative change in pectus index.
PID, Pectus index difference; RVEDVIB, right ventricular end-diastolic volume index before the operation.
F (1.40) = 0.967; P < .331; standard error of the esti-
mate: 5.714; R2 = 0.023.
Discussion
The majority of our patients (81%) had moderate or
severe deformity of the chest, and more than half of
them had exercise limitations. Surgery afforded them
cosmetic and functional improvement. The pectus
index used was significantly smaller after repair, and
exercise tolerance in the patients increased.
Points of view about cardiac function in patients with
funnel chest and about the influence of surgery on car-
diac function are often contradictory.5,9,14 The lack of
correlation between the severity of symptoms and the
severity of anatomic or physiologic parameters is con-
sistent with the majority of studies.1,2,9,15
Many authors believe that surgical treatment is indi-
cated for cosmetic and psychologic reasons in most
cases of funnel chest deformity.4,5,16,17 Most also
believe that surgery has no physiologically significant
effect on cardiac function and cardiorespiratory
response to exercise.6-8 Others have proved that more
than 90% of patients have improvement in exercise tol-
erance, endurance, and cardiac and respiratory symp-
toms after the operation,3 but this improvement is not
explained by changes in cardiorespiratory function.3,7,8
Before the operation, the patient with pectus excava-
tum usually is not significantly different from normal
subjects with respect to cardiac index, left ventricular
ejection fraction, left ventricular end-diastolic volume
index, end-systolic volume index, or stroke volume
index at rest or during exercise.9,18 Only the maximal
exercise and immediate postexercise diastolic pressures
are significantly elevated in the patients with pectus
excavatum when compared with their matched control
subjects.18 Aortic, left atrial, and left ventricular dimen-
sions are similar to those of normal subjects.12
In this article we concentrated on the right ventricle,
but a parallel study of left ventricular function was
undertaken as well.19 The changes in left ventricular
function after surgery seem to be more difficult to clas-
sify, and in our opinion more cases are needed to com-
plete the study. In fact, SVI of the left ventricle
increased significantly after the operation, but only in
the patient subset with severe deformities. The ster-
nocostal elevation did not change left ventricular func-
tion in patients with mild or moderate deformities. 
The major differences in resting values compared
with those in normal subjects are in terms of right ven-
tricular function.9,12,20 The right ventricle is less con-
centric, more anterior in relation to the sternum, and
more distensible than the left ventricle.9,15,20 Although
right ventricular anatomy might be altered by sternal
compression of the right atrium and right ventricle,9
there is no relation between right ventricular function-
al impairment and the degree of chest wall deformity.12
Cardiac catheterization studies14 disclosed pressure
gradients between the right ventricle and the pul-
monary artery, perhaps caused by compression of the
pulmonary outflow tract by the sternum.
The results before surgery in our patients were not
compared with the results in healthy individuals.
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Fig 3. Linear regression analysis of the preoperative absolute RVESVI against the relative change in pectus index.
PID, Pectus index difference; RVESVIB, right ventricular end-systolic volume index before the operation.
However, we defined the correlations between preoper-
ative right ventricular volumes and the degree of the
deformity. After pectus excavatum repair, RVEDVI,
RVESVI, and SVI importantly increased, probably
because of decreased sternal compression of the medi-
astinum. However, no correlation between the quantita-
tive degree of pectus relief and the level of improve-
ment in right ventricular function could be established.
The possible explanation for the lack of the correlation
is the fact that the degree of sternocostal elevation
resulting from the operation is usually large in compar-
ison with the degree of right ventricular decompres-
sion. In other words, the right ventricular volumes may
increase in a linear fashion with the increase in thoracic
diameter after repair until the decompression of the
heart is completed (the presence of a threshold effect).
After that point, the further elevation of the sternum
improves the thoracic shape but has no influence on the
improvement of right ventricular function. 
A significant inverse correlation was detected between
the preoperative right ventricular volumes and the rela-
tive change in pectus index after the operation: that is,
the smaller the right ventricular volume before the
repair, the greater the perioperative change in pectus
index. Because the degree of sternocostal elevation
resulting from a properly done operation is greater in
patients with more severe deformity, this correlation
confirms indirectly the fact that the greater impact on the
right ventricle is made by the more concave sternum.
Despite the cosmetic improvement, the absolute
RVESVI decreased after the operation in 6 of our
patients. This patient subset consisted of 5 boys and 1
girl aged 14 to 19 years, and the deformities were clas-
sified as mild in 4 and moderate in 2 of them. The pos-
sible explanation for such results may be a lack of sig-
nificant compression of the heart by the sternum before
the operation. Surgical correction improved the tho-
racic shape in these patients, but it did not improve
right ventricular function.
Our data support the speculations that factors other
than changes in lung volumes are responsible for the
subjective8 and objective11 physical improvement after
surgery in most patients.
Determination of right ventricular volume is concep-
tually more difficult than that of left ventricular vol-
ume.21-23 Whereas the left ventricle resembles an ellip-
soid, a convenient volumetric model, the right ventricle
has a complex and crescentic shape, defying simple
geometric description.12,22
RVEDVI before pectus excavatum repair is described
as significantly smaller than in normal subjects and,
after surgery, becomes not significantly different from
that of normal subjects.9
We are aware of the limitations of the echocardio-
graphic subtraction method used in our clinical study.
Usually larger right ventricular volumes are more under-
estimated than smaller volumes,22,23 because it general-
ly appears to be technically more difficult to record the
maximum area of the larger end-diastolic heart than that
of the smaller end-systolic heart.23 A second possible
explanation for underestimation of the larger volume
may be related to underestimation of the right ventricu-
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Fig 4. Linear regression analysis of the preoperative absolute SVI against the relative change in pectus index.
PID, Pectus index difference; SVIB, stroke volume index before the operation. 
lar outflow tract volume.21,22 This method does not take
into account the outflow tract volume, although it
appears to be larger in diastole than in systole.23
We conclude that surgical repair of funnel chest caus-
es a significant increase of RVEDVI, RVESVI, and
SVI; however, there is no correlation between the
improvement of right ventricular structure and function
and the degree of sternocostal elevation.
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